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ABSTRACT 
 
 
 
 
TRACI FULKERSON: Systematics and Evolution of Cenozoic Western Atlantic Rocellaria 
Blainville, 1829 (Mollusca: Bivalvia: Gastrochaenidae) 
(Under the direction of Dr. Joseph G. Carter, Dr. Donna Surge, and Dr. Kevin Stewart) 
 
 
 This study involved gastrochaenids, tiny, generally tropical bivalves that burrow into 
limestone, dead coral, and shells.  They are poorly understood in the Western Atlantic region.  
Using both shell morphometric analysis and burrow morphology, the three presently known 
species (Rocellaria ligula (H.C. Lea, 1843), R. stimpsonii (Tryon 1862), and R. mowbrayi 
(Davis 1904)) are clarified.   
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Introduction 
The superfamily Gastrochaenoidea is one of the most abundantly represented groups 
of shell- and coral-burrowing bivalves in tropical and subtropical regions around the world 
(Carter 1978; Carter et al., 2008).  According to Carter et al. (2008), this superfamily consists 
of one family and ten genera.  Seven of these genera are extant, i.e., Gastrochaena Spengler, 
1783, Rocellaria Blainville, 1829, Lamychaena Freneix in Freneix and Roman, 1979, 
Dufoichaena Jousseaume in Lamy, 1925, Cucurbitula Gould, 1861, Eufistulana Eames, 
1951, and Spengleria Tryon, 1862.  The family also contains three extinct genera, Kummelia 
Stephenson, 1937, Gastrochaenopsis Chavan, 1952, and Carterochaena Fürsich, Palmer, and 
Goodyear, 1994.    
The genus Rocellaria is presently known from the Western Atlantic Region from 
three relatively well-known species, Pliocene R. ligula (H. C. Lea, 1843), Recent R. 
stimpsonii (Tryon 1862), and R. mowbrayi (Davis 1904), and three poorly known, nominal 
species, Miocene R. dodona (Gardner 1928), Pliocene R. couvana (H. Vokes, 1938), and 
Pliocene R. antiqua Gabb 1861a.  The species in this clade are widespread and locally 
abundant in marine tropical and tropical Miocene – Recent sediments, making them of 
particular interest as potential biostratigraphic markers and candidates for evolutionary 
studies.  They are especially promising for evolutionary studies because they leave detailed 
impressions of their siphonal epithelium in their calcareous burrow linings.  This relict 
anatomical information is especially important for systematics because Rocellaria shells are 
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morphologically rather uniform, all with far anterior umbos, an elliptical posterior, a large 
pedal gape, irregular commarginal shell lamellae, edentulous hinges with a well developed 
myophore for the anterior pedal retractor muscle, anisomyarian adductor muscle scars, well 
developed orbital (ventral mantle retractor) muscle scars anterior to a deep pallial sinus, and 
a pallial sinus that is far ventrally shifted toward the posteroventral pallial line.  Burrow casts 
indicate that Rocellaria siphons have been moderately long and largely united since the 
Miocene.  However, some species have evolved a distal bifurcation of the siphon tips, and 
some species secrete projections of their calcareous burrow linings (baffles) which restrict 
predator access to the shells.  The baffles vary from an oval constriction at the base of the 
siphon to an annular constriction somewhere along the length of the siphon tube, in many 
instances accompanied by spiny projections.    
These three species populations, Rocellaria ligula, R. stimpsonii, and R. mowbrayi, 
are poorly known with ambiguous defining characteristics.  Other specimens are clearly 
present in the Western Atlantic region.  It is necessary to analyze both morphometric 
measurements and burrow morphology in order to make clear distinctions between the 
presently named species as well as to identify new species.   
The present study uses morphological analysis of Rocellaria from the United States 
National Museum (USNM) and presently collected fossil and Recent specimens to provide a 
revised taxonomic framework for the Miocene – Recent Western Atlantic species.  All 
presently collected specimens are deposited at the Yale University Peabody Museum (YPM).  
Emphasis is placed on shell shape, muscle scars, and burrow morphology, rather than 
features of soft anatomy not reflected by the fossil record, because these features are known 
to be sufficient for characterizing modern gastrochaenid species (Carter, 1978; Carter et al., 
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2008; Nielsen, 1986).  Morphologically well defined living and extinct populations of 
Rocellaria are compared with type specimens, and examined populations falling outside the 
range of variation of named species and subspecies are described as new species or 
subspecies depending on their degree of morphological distinction and temporal and/or 
geographic separation.  Evolutionary relationships among the Miocene – Recent species of 
Western Atlantic Rocellaria are then discussed.  Neotypes are designated for R. stimpsonii 
and R. ligula.   
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Materials and Methods 
 All analyzed features of shell morphology and muscle scars are defined in Appendix 
1.  Rocellaria burrows were also examined, based on latex casts of their interiors.  These 
burrows have distinct anterior and posterior regions presently referred to as the shell chamber 
and siphonal burrow.  The posterior of the burrow is referred to as a burrow because it 
typically has calcareous linings which greatly change the shape of the burrow itself.  The 
posterior part of the shell chamber and the entire siphonal burrow are generally lined with 
aragonitic deposits.  The siphonal burrow linings invariably leave a minutely detailed 
impression of the siphonal epithelium, and hence reveal details of siphon anatomy in fossil 
and Recent specimens.  Rocellaria shell chambers have rounded cross sections, whereas their 
siphonal burrows have a figure-8 cross section, at least in their more posterior portion.  In 
some species the siphonal burrow grades imperceptibly into the shell chamber, with only a 
slight change in slope.  In other species the burrow lining is sharply constricted at the base of 
the siphons, leaving an oval aperture at the entrance to the shell chamber.  The siphonal 
burrow may be a simple, elongate tube with an oval basal cross section and a figure-8 
posterior cross section, the latter caused by left and right, longitudinal, intersiphonal 
calcareous ridges.  In other cases, the siphonal burrow has an annular constriction just 
posterior to its base, at mid-length, or more posteriorly, and this constriction may be 
accompanied by calcareous spines, commonly a triplet of spines at the base of the each 
lateral intersiphonal ridge, and a pair of spines dorsally and ventrally at the annular 
constriction.  In most cases, the siphonal burrow continues beyond the substrate in living 
specimens as a short, calcareous “chimney”.  This is commonly lost in fossil specimens, but 
this part of the burrow seldom contains important taxonomic information.  In species such as 
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R. mowbrayi with distally divided siphon tips, this division is still apparent in some 
specimens lacking the “chimney” part of their burrow.  Specimens of Rocellaria burrowing 
into shell or coral substrates too small for the adult animal secrete adventitious calcareous 
walls which appear to reflect normal burrow shape.          
 New collecting localities are indicated in this study by the following abbreviations.  
Localities of previously collected museum specimens are separately indicated in the text.   
Surrey.  Upper Miocene Cobham Bay Member of the Eastover Formation at 
the type locality of the Claremont Manor Member of the same formation, on the 
James River, below Upper Chippokes Creek, near Claremont Manor, 1.3 km below 
the mouth of Sunken Meadow Creek, Surrey County, VA; L. W. Ward loc. 71LW37.  
Specimens from large Isognoman shells from L. W. Ward collection at Martinsville’s 
Virginia Museum of Natural History. 
Southall.  Upper lower Pliocene or upper Pliocene Moore House Member of 
Zone 2 Yorktown Formation, A. B. Southall pit, southeastern VA, on east side of Big 
Bethel Road (VA 600), about 0.1 mile (0.16 km) south of VA Highway 134 (locality 
from Johnson, 1980), collected by JGC, 1980. 
Petersburg.  Upper lower Pliocene or Upper Pliocene Rushmere Member of 
Zone 2 Yorktown Formation near A.P. Hill School, from banks of Lieutenant Run, 
south side of Petersburg, VA, collected by JGC, 1975-2002. 
Sarasota.  Lower to upper Pliocene Pinecrest Member of Tamiami Formation, 
APAC and Quality Aggregates Pit, east of Sarasota, FL, stratigraphic unit 6 or 7 of 
Petuch (1982), collected by JGC, 1973.  
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La Belle.  Upper Pliocene or lowest Pleistocene (Stanley, 1986) 
Caloosahatchee Formation, borrow pit east of La Belle, FL, collected by JGC, 1973. 
Morphometric comparisons are based on measurements taken directly from shells or 
from photographs in three standard orientations: 1) lateral exterior views perpendicular to the 
commissure plane; 2) lateral interior views perpendicular to the commissure plane; and 3) 
interior ventral views perpendicular to the anterior hinge axis.  Two rank order characters 
were included in the morphometic analyses: degree of prominence of myophores and 
ellipticity of the shell posterror.  Analyzed parametric and rank-order shell features include 
shell length, height, and width, shell length/height ratio, shell height/width ratio, height of 
apex of pallial sinus relative to shell height, depth of apex of pallial sinus relative to shell 
length, angle of anterior hinge line relative to shell length axis, angle of anterior shell 
aperture (gape) relative to shell length axis, ratio of posterior to anterior shell height, length 
of shell aperture (gape) relative to shell length, viewed perpendicular to the anterior hinge 
axis, anterior angle between shell length axis and the line tangent to the posterior margin of 
the posterior adductor muscle scar and the posterior edge of the ventral branch of the pallial 
sinus, angle of divergence of the dorsal and ventral branches of the pallial sinus, ellipticity 
and symmetry of the shell posterior, maximum height of the beak measured perpendicular to 
the anterior hinge line, relative to shell length, prominence of the myophores, length of the 
posterior adductor muscle scar relative to shell length, length of the posterior pedal retractor 
scar relative to shell length, ratio of posterior adductor to posterior pedal retractor muscle 
scar length, prominence of a radial, posteroventral furrow in the early post-prodissoconch 
juvenile shell, degree of development of radial striae on the shell interior immediately 
proximal to the anteroventral pallial band, sharp dorsal or ventral angulation of the far 
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anterior hinge line, pattern of anteroventral pallial band muscle scars, pattern and prominence 
of orbital muscle scars (located immediately anterior to the anterior apex of the pallial sinus), 
shape and prominence of myophores, anterior pedal protractor muscle shape and position, 
shape of the attachment surface of the anterior adductor muscle, wrinkling of the burrow 
lining near the base of the siphons, prominence of a posteroventral sulcus on the adult shell 
exterior, abundance and rugosity of the posterior periostracum, ornemant of the sub-
periostracal shell posterior, distance of the umbos from the shell anterior relative to shell 
length, and convexity of the anteroventral shell margins. 
The following discrete characters were tabulated but not included in the quantitative 
analyses: fusion of the pallial sinus with the posteroventral pallial band, presence or absence 
of annular constriction in the siphonal burrow lining posterior to shell chamber, presence or 
absence of spiny calcareous baffles associated with this annular constriction, presence or 
absence of a calcareous constriction at the base of the siphonal burrow, annular wrinkling at 
the base of the siphonal burrow, burrow neck shape, degree of separation of the distal siphon 
tips, and cupulation of the posterior shell margins.  In Rocellaria the posterior part of the 
ventral branch of the pallial sinus is invariably strongly coalescent with to the posteroventral 
pallial band, but the area of fusion may form a dorsoventrally narrow or wide, elongate 
muscle scar.  Spiny calcareous siphonal baffles, where present, vary in position from just 
posterior to the siphon base, to medial, to far posterior, near the siphonal tips.  Basal siphonal 
wrinkling, a series of irregular, closely spaced annular constriction and expansions of the 
burrow lining, are rarely developed, but appear to characterize one species.  Cupulation of 
the shell posterior, where present, is largely limited to adult shells, and correlates with the 
presence of a distinct shoulder near the posterior lateral position on internal casts of the shell 
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chamber.  In this context, it is important to note that some of the features distinguishing 
presently recognized species and subspecies of Rocellaria are well developed only in mature 
individuals.   Furthermore, some shell measurements correlate significantly with shell size, 
so they are presently adjusted for shell length before being analyzed for taxonomic 
significance.  The residual of a character is taken for each specimen by adding the 
specimen’s character measurement to the product of the negative slope of the best fit line for 
the character of interest versus the square root of length and the square root of length, minus 
the y-intercept for the best-fit line mentioned above.  One such measurement, the residual of 
aperture angle relative to shell length, was found to be especially valuable taxonomically (R= 
(character measurement) + 2.876 • √shell length – 25.42).        
Graphical and quantitative statistical methods were used to identify morphological 
discontinuities among Rocellaria populations.  Parametric characters were tested for 
normality, and skewness and kurtosis were minimized, where necessary, using Logn or 
square root transformations.  Pearson’s r and Spearmans r correlation coefficients were used 
to identify significantly correlated parametric and rank order characters, respectively.  These 
characters were then analyzed to identify significant correlation with shell length.  Five 
characters were found to be so correlated: ratio of shell length to height, ratio of shell height 
to width, ellipticity of the shell posterior, umbonal distance, and aperture angle.  Only the 
latter character was found to be taxonomically useful when corrected for shell length.  
Among strongly correlated characters, only the one showing the strongest potential for 
differentiating populations was retained for further taxonomic analysis.  Populations which 
could not be differentiated by combined morphometric and discrete character analysis were 
combined into larger populations for further analysis, without consideration given to locality 
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of collection or geologic age.  In addition to the residual of aperture angle corrected for shell 
length, three morphometric characters were found to be useful for differentiating populations 
or groups of populations: ratio of posterior adductor to posterior pedal retractor muscle scar 
length, square root of sinus angle, and proximity of apex of pallial sinus to the posterior shell 
margin (measured as shell length anterior to apex divided by shell length).     
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Results 
 Of the 27 shell morphometric characters examined in this study, four were found to 
be especially useful for differentiating species and subspecies Rocellaria.  These are ratio of 
posterior adductor scar length/posterior retractor scar length (A/R), ratio of shell length 
anterior to the pallial sinus/total shell length (LAPS), square root of sinus angle (sqrtSA), and 
residual of aperture angle, adjusted for correlation with square root of shell length (rAA).  
Values for these parameters are portrayed graphically in Figures 1-4, with selected 
populations and species highlighted in color.     
The data in Figures 1-4 appear to define six morphologically distinct groups of 
specimens:  1) 31 specimens from the upper Miocene and Pliocene of southeastern Virginia, 
5 specimens from the upper Miocene Eastover Formation of Surrey County and 26 from the 
Pliocene Yorktown Formation, presently identified as Rocellaria ligula;  2) 2 Recent 
specimens from Bermuda, the type locality of R. mowbrayi, presently identified as that 
species; 3) 31 specimens from the Recent warm temperate, southeastern United States, 15 
from North Carolina, 3 from South Carolina, and 13 from Tampa Bay, Florida, presently 
identified as R. stimpsonii; 4) 17 Recent specimens from the tropical Western Atlantic (St. 
Thomas, U.S. Virgin Islands, Bahia, Brazil, and Trinidad), presently identified as a tropical 
variant of R. stimpsonii; 5) 13 specimens from the Pliocene Pinecrest Member of the 
Tamiami Formation of Sarasota, Florida, presently identified as the new species Rocellaria 
XXXXXXX, and 6) 5 Plio-Pleistocene specimens from the Caloosahatchee Formation of 
western Florida, presently identified as the new species Rocellaria YYYYYY.     
Figure 1 shows strong differentiation between two variants of Plio-Pleistocene to 
Recent R. stimpsonii in terms of rAA, with tropical R. stimpsonii variant having consistently 
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higher values than temperate R. stimpsonii.  However, there is considerable overlap in rAA 
between Pliocene - Recent R. stimpsonii variants.  Figure 3 shows that high rAA also clearly 
separates the La Belle, Florida population from both the Sarasota, Florida and Southall Pit, 
Virginia populations.  Sarasota and Southall Pit also show clearly different average rAA 
values, but there is considerable overlap.  Figure 4 shows that R. ligula has higher LAPS than 
the La Belle and Sarasota populations, but that there is considerable overlap in this feature 
among these three groups.  Figure 2 shows that Recent Bermuda, St. Thomas, Trinidad, and 
Brazil populations of R. stimpsonii tropical variant and  the temperate R. stimpsonii are 
morphologically distinct in terms of their lower and higher values of LAPS, respectively, and 
lower and higher values of sqrtSA, respectively.  
Of the 12 Miocene specimens examined (see Figure 8.7-8.10), only 4 provided data 
for both A/R and rAA (Fig. 1), and only 2 provided data for both LAPS and sqrtAA (Fig. 2).  
The 5 Miocene data points in Figure 1 cluster closely together, and have values of A/R and 
rAA that are indistinguishable from R. ligula and R. stimpsonii, but their rAA values are 
clearly lower than those for R. stimpsonii variant. The five Miocene specimens in Figure 2 
demonstrate considerable variation S/A, with values overlapping all other species. The two 
Miocene LAPS values overlap considerably with R. ligula, R. stimpsonii, and R. stimpsonii 
variant, but they are considerably higher than for R. YYYYYY. Therefore, these specimens are 
considered R. ligula.   
 In addition to the shell morphometric characters, certain discrete characters of the 
shell and burrow morphology were found to be useful in distinguishing species of Rocellaria.  
The posterior shell shape varied slightly in all the species examined, but truncation in 
association with cupulation was only observed in the Pliocene Sarasota, Florida population, 
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henceforth referred to as Rocellaria XXXXXXX n. sp. (Fig. 10.1-10.6).  Myophore 
prominence was observed for this study but did not prove particularly variable among the 
taxa examined; most specimens had marked myophores.  Burrow morphology proved to be a 
fairly useful for distinguishing taxa from one another and will be elaborated upon in the 
discussion.    
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Discussion 
 Carter, McDowell, and Namboodiri (2008) listed ten genera in the family 
Gastrochaenidae.  These are Gastrochaena Spengler, 1783, Rocellaria Blainville, 1829, 
Lamychaena Freneix in Freneix and Roman, 1979, Dufoichaena Jousseaume in Lamy, 1925, 
Cucurbitula Gould, 1861, Eufistulana Eames, 1951, Spengleria Tryon, 1862, and the extinct 
genera Kummelia Stephenson, 1937, Gastrochaenopsis Chavan, 1952, and Carterochaena 
Fürsich, Palmer, and Goodyear, 1994.  Kummelia differs from Rocellaria in its elongated 
calcareous tube-dwelling habit.  Carterochaena differs from Rocellaria in its dorsally shifted 
anterior adductor muscle scar and adjacent anterior accessory shell plate (protoplax).  
Spengleria and Gastrochaenopsis differ from Rocellaria in their deeply divided siphons.  
Lamychaena differs from Rocellaria in having much longer, united siphons and a cylindrical, 
basal siphonal burrow that is as wide as the adjacent shell chamber.  Rocellaria is more 
similar to Gastrochaena, but the latter genus has a more distinctly ridged shell posterior, a 
shallower pallial sinus, a ventral branch to its pallial sinus that is not far ventrally shifted as 
in Rocellaria, and a simpler, flask-shaped burrow which lacks annular and spiny 
constrictions in the siphonal burrow lining.  Most Rocellaria differ from Dufoichaena, 
Cucurbitula, and Eufistulana in having a non-cupulated shell posterior and in lacking a 
distinct shoulder near the posterior end of the shell chamber in the adult stage.  One of the 
presently described new species, Pliocene R. XXXXXXX, is convergent on the latter three 
genera in its slight posterior shell cupulation, shell chamber shouldering, and deep 
constriction of the burrow lining at the base of the siphons.  This is clearly a case of 
convergence because Pliocene R. XXXXXXX has shells and burrows similar in most other 
respects to other late Cenozoic, Western Atlantic Rocellaria, and because Dufoichaena, 
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Cucurbitula, and Eufistulana have been extinct in the Western Atlantic Region since the end 
of the Eocene.  All of the presently studied, late Cenozoic, Western Atlantic Rocellaria 
resemble Pliocene – Recent, European Rocellaria dubia (Pennant, 1777), the type species of 
Rocellaria, and its Miocene, European antecedents in having strongly anterior umbos, 
irregular commarginal shell lamellae, a very elongate anteroventral shell gape, moderately to 
strongly projecting myophores, a deep pallial sinus that is strongly ventrally shifted toward 
the posteroventral pallial line, a prominent line of orbital muscles extending toward the shell 
anterior from just below the anterior apex of pallial sinus, a relatively small anterior adductor 
muscle scar, and moderately long, relatively narrow, largely or completely united siphon 
tubes.  Most Western Atlantic Rocellaria differ from R. dubia in having a more 
discontinuous anteroventral pallial line, smaller, more delicate shells, a distinct annular 
constriction in the siphonal burrow lining, in many cases accompanied by spike-like 
constrictions, and in species a distinct, oval constriction in the burrow lining at the base of 
the siphons.   The siphon tips in Rocellaria are generally only shallowly divided posteriorly; 
they are more deeply divided in R. mowbrayi, but still much less so than in Spengleria and 
Gastrochaenopsis.  
 The morphometric part of this study has demonstrated that shell measurements alone 
are insufficient for differentiating all Cenozoic, Western Atlantic species of Rocellaria, but 
they are occasionally useful for differentiating some pairs of species.   Figures 1-4 
summarize all morphometric data presently found to be useful for differentiating species of 
Western Atlantic Rocellaria.  These figures include topotype specimens of R. mowbrayi from 
Bermuda, neotype, topotype and other warm temperate specimens of R. stimpsonii from the 
southeastern United States, tropical specimens of R. stimpsonii from St. Thomas, Trinidad, 
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and Brazil, neotype, topotype, and near topotype specimens of R. ligula from the Pliocene of 
Virginia, specimens of two presently defined late Cenozoic species, one from La Belle, 
Florida (R. YYYYYY) and one from Sarasota, Florida (R. XXXXXXX), and five Miocene 
specimens from Virginia, which appear identical with topotype  R. ligula.   
Aperture angle (Figs. 1, 3) can be used to differentiate both R. ligula from R. YYYYYY 
and from tropical R. stimpsonii.  Aperture angle also differentiates Miocene Rocellaria sp. 
from R. YYYYYY.   However, aperture angle does not strongly differentiate R. ligula and 
tropical R. stimpsonii from Miocene R. ligula, from Pliocene R. XXXXXXX, nor from warm 
temperate R. stimpsonii.  Also, aperture angle does not strongly separate R. YYYYYY from 
tropical R. stimpsonii, warm temperate R. stimpsonii, and R. XXXXXXX.    Also shown in 
Figure 1, R. YYYYYY and Miocene R. ligula. have consistently low values of posterior 
adductor/posterior pedal retractor scar length, whereas all other examined populations are 
more variable in this regard.  
Figures 2 and 4 illustrate considerable overlap among Rocellaria species and 
subspecies in terms of LAPS and posterior sinus angle.  However, these two features, used in 
conjunction, separate R. YYYYYY from tropical R. stimpsonii, from most warm temperate R. 
stimpsonii, from Miocene R. ligula, and from Pliocene R. ligula.   
The two Pliocene species, R. ligula and R. XXXXXXX, show considerable overlap in 
aperture angle, sinus angle, and LAPS, but aperture angle is generally higher, and sinus angle 
and LAPS is generally lower in R. XXXXXXX (Figs. 3, 4).  Rocellaria ligula is clearly distinct 
in terms of aperture angle from R. YYYYYY, tropical R. stimpsonii, and to a lesser extent 
warm temperate R. stimpsonii, and it is generally distinct in terms of LAPS from R. YYYYYY.   
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Rocellaria XXXXXXX has a consistently lower aperture angle than R. YYYYYY, and a higher 
average aperture angle than R. ligula.    
The tropical and warm temperate populations of R. stimpsonii are similar in terms of 
posterior adductor/retractor muscle scar length and LAPS, but the tropical specimens have a 
generally higher aperture angle and sinus angle.  A higher aperture angle generally 
corresponds with longer siphons.  Tropical R. stimpsonii is more likely to have longer 
siphons than its  temperate counterparts because they are more commonly threatened by coral 
overgrowth of their siphons.  Temperate R. stimpsonii are largely restricted to shell 
substrates, which do not present this challenge.  As a whole, R. stimpsonii is weakly 
differentiated by shell morphology from most other Western Atlantic Rocellaria, although 
the tropical specimens are distinct in terms of aperture angle from R. ligula, and in terms of 
sinus angle from R. YYYYYY.  Also, the warm temperate specimens are distinct from R. 
mowbrayi in terms of sinus angle.   Pliocene-Pleistocene R. YYYYYY is distinct from R. ligula 
in terms of aperture angle, and has a generally lower sinus angle than all other populations 
except R. XXXXXXX.    
Although Rocellaria mowbrayi is known from both type and several topotype 
specimens, these were seldom observed to have measurable pallial muscle scars.  The two 
measured specimens have a high sinus angle like tropical specimens of R. stimpsonii, and 
they are most distinct in this regard from R. YYYYYY and R. XXXXXXX (Figs. 2, 4).  
Additional measured specimens are required to understand their range of variation in this 
feature.   
Fortunately for gastrochaenid systematics, siphon morphology can be used as an 
adjunct to shell measurements as a diagnostic taxonomic tool.  Gastrochaenid burrow linings 
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reveal not only the length of the siphons, but also their surface texture and details of their 
morphology, even including wrinkles in their epithelium.  Rocellaria burrows consist of a 
shell chamber and siphonal burrow, occasionally grading one into the other, as in some 
specimens of modern R. dubia, but more commonly separated by a “neck” marked by a 
distinct change in slope.  In some species, the neck is accompanied by a distinct constriction 
at the base of the siphons and a distinct expansion (“collar”) at the base of the siphonal 
burrow.  The siphonal burrow lining also reveals the extent of the intersiphonal siphonal 
septum, as a lateral, longitudinal calcareous ridge extending from the posterior end of the 
siphonal burrow nearly to its base (anterior end).  In many but not all adult Rocellaria, the 
siphonal burrow has an annular constriction somwhere along the length of the tube, usually 
accompanied by spiny “baffles”, or projections of the burrow lining.  Juvenile siphonal 
burrows are commonly simpler than the adult ones, and may lack the annular constriction, 
spiny baffles, and basal constriction or collar of the adults.   
All Western Atlantic species of Rocellaria have, among some members of their adult 
populations, burrows with a more complex shape than the simple, flask-shaped burrow of 
modern European R. dubia.   Adult Western Atlantic Rocellaria generally have an annular 
constriction in the siphonal burrow lining, and many also have pointed siphonal baffles.  The 
only exceptions are some adult R. mowbrayi and possibly Plio-Pleistocene R. YYYYYY.  Intact 
posterior siphonal burrow casts are not presently available for R. YYYYYY, but the one nearly 
complete burrow cast for this species (Fig. 10.7-10.10) shows no evidence for a medial or 
anterior annular constriction, but unique irregular wrinkling at the base of the siphons.  
Rocellaria YYYYYY also lacks a distinct constriction at the boundary of the siphonal burrow 
and shell chamber.  Rocellaria mowbrayi is unique among Western Atlantic Rocellaria in 
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having strongly separated distal siphon tips (Fig. 7.8-7.10).  All other adult Western Atlantic 
Rocellaria have an annular constriction with spiny baffles in the siphonal burrow.  Adult R. 
ligula have either no constriction at the base of the siphons or a slight indentation in this 
position (Figs. 8, 9).  Pliocene R. XXXXXXX has, in addition to the annular constriction and 
spiny baffles, a basal expansion in the siphonal burrow, bounded anteriorly by a deep oval 
constriction in the burrow lining (Fig. 10.4-10.6).  Recent R. stimpsonii has an annular 
siphonal constriction with pointed baffles and a variably developed basal siphonal 
constriction (Fig. 6).  However, this species, unlike Pliocene R. XXXXXXX, lacks a basal 
siphonal “collar”.   
 The combination of shell and burrow morphology warrants separation of Cenozoic 
Western Atlantic Rocellaria into the previously described species R. stimpsonii, R. 
mowbrayi, and R. ligula plus two additional species, presently named R. YYYYYY and R. 
XXXXXXX.  Furthermore, the Recent populations of R. stimpsonii can be separated into 
tropical and subtropical variants.  Rocellaria YYYYYY is characterized by a relatively large 
shell.  It is the only Western Atlantic Rocellaria known to reach lengths exceeding 18mm.  It 
is also characterized by irregular wrinkling at the base of the siphonal burrow and the lack of 
a deep constriction in the burrow lining where the siphonal burrow and shell chambers meet.  
Rocellaria XXXXXXX is characterized by a shell morphology much like R. stimpsonii but a 
burrow morphology which differs in having a well-defined basal siphonal collar as well as a 
deep constriction between the siphonal burrow and shell chamber.  Furthermore, in 
association with the deep constriction at the base of the siphons, many adult shells of R. 
XXXXXXX are posteriorly truncated and cupulated, a feature which only rarely occurs in R. 
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stimpsonii.  These distinguishing features of shells and burrows are most clearly shown by 
adult specimens.   
 It is reasonable to assume that the Miocene to Recent Rocellaria in this study 
descended from a stock similar to the Eocene Eastern Pacific Rocellaria and modern R. 
dubia (Carter et al., 2008, Fig. 10).  These are both relatively large species with a similar 
morphology, and the simple flask-shaped burrow of R. dubia could have been easily 
transformed into the more complex burrow shapes of Miocene to Recent Western Atlantic 
Rocellaria.  It is also tempting to assume, based on its age and geographic locality, that 
Miocene Virginia R. ligula is ancestral to Pliocene Virginia R. ligula and Recent warm 
temperate, Western Atlantic R. stimpsonii.  However, there are no available tropical Miocene 
populations which to compare, so a tropical Rocellaria ancestry cannot be excluded.  
Tropical R. stimpsonii appears to be a variation of temperate R. stimpsonii with a relatively 
higher aperture angle than the warm temperate representatives of this species.  The two most 
derived species of Western Atlantic Rocellaria appear to be Pliocene R. XXXXXXX with its 
basal siphonal collar and Plio-Pleistocene R. YYYYYY with its basal siphonal wrinkles.  Both 
of these species, based on shell morphology, are more likely derived from an R. stimpsonii-
like ancestor than from R. ligula.  Tropical R. stimpsonii appears to be most closely related to 
R. mowbrayi based on its sinus angle and it is possible that these two species share a close 
common ancestor.   
 It is notable that all of the presently described species of Rocellaria vary somewhat in 
their burrow morphology, especially in basal siphonal constrictions, posterior siphonal 
baffles, and spines within these baffles.  These features undoubtedly evolved in Rocellaria 
and other gastrochaenids as foils to predation, presumably by gastropods.  The evolution of 
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these features began during or immediately after the Upper Cretaceous radiation of naticid 
and muricid gastropods (Carter 1978).  Posterior calcareous baffles, whether along the length 
of the siphon tube or at its base, constrict the diameter of the burrow, creating a partial barrier 
to access by the accessory boring organ in the proboscis of shell-boring naticid and muricid 
gastropods (Carriker, 1981).   Baffle secretion comes at a cost, though, because it reduces 
internal siphon diameter and therefore slows the flow of respiratory and feeding currents.  
Annular baffles, present in most Western Atlantic Rocellaria near the mid-siphon part of the 
burrow lining, less commonly at the base of the siphonal burrow, represent the simplest 
barrier to predation.  In many instances, these are accompanied by spiny calcareous 
projections from the edges of the annular constriction, usually in the position of the lateral 
ridges in the siphonal burrow lining, and occasionally also dorso- and ventrolaterally.  Spiny 
baffles add additional protection without greatly reducing water flow.  A distinct oval 
constriction at the base of the siphons, typically present in Pliocene Rocellaria XXXXXXX, 
represents a convergence on Eufistulana and Dufoichaena.   
Variations in basal siphonal baffle development appear to reflect intensity of 
predation.  The strongest basal siphonal baffles in Western Atlantic Rocellaria occur in 
tropical R. XXXXXXX from the Pliocene of Florida, and in R. mowbrayi from Bermuda.  
Basal siphonal baffles are less well developed in warm-temperate Rocellaria from the 
Miocene and Pliocene of Virginia, and in modern R. stimpsonii from the Carolinas.  On the 
other hand, tropical Rocellaria can vary considerably in this feature, as R. stimpsonii from 
the Virgin Islands, and some tropical R. mowbrayi.  However, these tropical specimens 
commonly have other lines of defense, such as annular and spiny baffles posteriorly in the 
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siphonal burrow, as in R. stimpsonii from the Bahamas, or siphon tips separated by 
calcareous secretions, thereby greatly restricting the aperture diameters, as in R. mowbrayi.   
Siphonal and burrow morphology appear to be unaffected by the burrowing substrate.  
Rocellaria mowbrayi occurs in both Beaufort Harbor, NC and in Bermuda.  In both localities, 
burrow and siphonal morphology are consistent, despite the fact that in NC the most common 
burrowing substrates are Crassostrea shells, while in the Bahamas the animals usually 
burrow into dead coral.   
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Figures 
Figure 1 – Posterior adductor/retractor muscle scar length versus residual of aperture 
angle for Western Atlantic Rocellaria Blainville, 1829.   Populations of R. stimpsonii (Tryon 
1862) and R. mowbrayi (Davis 1904) highlighted with different coloring for warm temperate 
(yellow) and tropical (light red) populations; one co-type specimen of R. mowbrayi in dark 
red.  
 
Figure 2 –Shell length anterior to the pallial sinus divided by total shell length versus 
square root of sinus angle for Western Atlantic Rocellaria.  Populations of R. stimpsonii and 
R. mowbrayi highlighted with different coloring for warm temperate (yellow) and tropical 
(light red) populations; one cotype specimen of R. mowbrayi in dark red.  
 
Figure 3 – Posterior adductor/retractor muscle scar length versus residual of aperture 
angle for Western Atlantic Rocellaria.   Populations of R. YYYYYY highlighted in yellow, R. 
XXXXXXX highlighted in green, and R. ligula (H.C. Lea, 1843) highlighted in blue.   
 
Figure 4 – Shell length anterior to the pallial sinus divided by total shell length versus 
square root of sinus angle for Western Atlantic Rocellaria.  Populations of R. YYYYYY 
highlighted in yellow, R. XXXXXXX highlighted in green, and R. ligula highlighted in blue.   
 
Figure 5 – Shells and latex burrow casts of Recent Rocellaria stimpsonii (1-7, 11-13) 
and Recent R. mowbrayi (8-10).  1-7, R. stimpsonii from Mercenaria shells, mouth of Tampa 
Bay, Florida, 0.5-3.0 fathoms, USNM 706573, J. Rosewater, coll.; 1-5, USNM 706573a, 
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shell 11.3 mm long, 5.6 mm wide (both valves), 5.2 mm high, exterior of RV, interior of RV, 
ventral view perpendicular to anterior hinge, dorsal view, and ventral view perpendicular to 
aperture, respectively; 6, 7, side view of two associated burrows, different specimens than 
706573a, showing mid-siphon annular constriction with three calcareous spines at both 
intersections with intersiphonal ridge plus two spines dorsally and two spines ventrally at this 
same level in the siphonal burrow; 11,12, R. stimpsonii, neotype UNC 5130, from 
Crassostrea substrate, at type locality, Beaufort Channel, North Carolina, lateral exterior and 
interior views of RV 6.0 mm long, respectively; 13, side view of latex cast of R. stimpsonii 
UNC 5135 from gastropod umbilicus, Beaufort Channel, North Carolina, showing annular 
constriction at mid-siphon position, where spiny calcareous baffles are present.  8-10, R. 
mowbrayi from Dinocardium shell, Beaufort Channel, North Carolina, UNC 4163a, lateral 
exterior and interior views of RV 7.7 mm long, and side view of latex cast of burrow, 
respectively; 1 of 4 specimens of this species in same Dinocardium substrate.   All bar scales  
= 1 mm. 
 
Figure 6 – Rocellaria stimpsonii burrows, Beaufort Channel, NC, J. Carter coll. 1, 
UNC 5135, burrowing in gastropod umbilicus, view from shell chamber toward siphonal 
burrow, showing spines at annular constriction in mid-siphon burrow lining; 2, UNC 5130, 
neotype of R. stimpsonii, side view of latex cast of burrowing in Crassostrea, showing 
annular constriction at mid-siphonal burrow; 3, same specimen as 2, view from posterior of 
siphonal burrow toward shell chamber, showing calcareous spines projecting from burrow 
lining laterally, dorsally, and ventrally at position of mid-siphonal annular constriction; bar 
scales = 1 mm. 
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Figure 7 – Recent Rocellaria mowbrayi from Bahamas (1-3, 5) and Castle Harbor and 
Whalebone Bay, Bermuda (4, 6-12); bar scales = 1 mm except in 2 (500 microns), 3 (100 
microns), 5 (50 microns), and 6 (1 micron).  1-3, UNC 9709, Bahamas, exterior of RV, 
anterior hinge of LV showing prodissoconch, and close-up of 2 showing aragonitic 
periostracal spines on shell exterior; 5, UNC 9708, Bahamas, anterior hinge of LV showing 
prodissoconch, anterior pedal retractor scar (center) and anterior adductor muscle scar (on 
right); 4, YPM 9343, Castle Harbor, interior of juvenile left valve; 6, YPM 9353, Castle 
Harbor, aragonitic periostracal spine on shell exterior just posterior to umbo on 
dorsoposterior flank of juvenile shell; 7, 8, dorsal and lateral views, respectively, of latex cast 
YPM 9348, Castle Harbor; 9, lateral view of partial latex cast of burrow, YPM 9352, Castle 
Harbor; 10, lateral view of latex cast of burrow, YPM 9436, Castle Harbor; 11, lateral view 
of latex cast of burrow, YPM 9406, Castle Harbor; 12, opened burrow viewed from shell 
chamber toward siphonal burrow, showing oval constriction at base of siphonal burrow, 
YPM 9410, Whalebone Bay.   
 
Figure 8 –Pliocene (1-6) and Miocene (7-10) specimens of Rocellaria ligula; bar 
scales = 1 mm.  1-6, neotype UNC 7398b, Pliocene, Zone 2 Yorktown Formation, from 
Mercenaria shell, Lieutenant Run, near A.P. Hill School, south side of Petersburg, VA, shell 
9.0 mm long, 3.95 mm high, 4.25 mm wide (both valves), interior of LV, exterior of LV, 
ventral view perpendicular to anterior hinge, and ventral view perpendicular to shell gape, 
respectively; lateral and dorsal views, respectively, of partial latex cast of neotype burrow, 
showing lack of constriction in burrow lining at base of siphonal burrow, and near-basal 
siphonal annular constriction.  7-10, Upper Miocene Cobham Bay Member, Eastover 
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Formation, type locality of Claremont Manor Member of Eastover Formation, Claremont, 
Surrey County, VA, L. W. Ward field no. 71LW37, burrowing in large Isognomon shells; 7-
9, UNC 15762J, lateral exterior, lateral interior, and ventral view perpendicular to hinge of 
left valve, respectively; 10, UNC 15762L-M-N, latex casts of three adjacent burrows in same 
substrate, showing variable position of annular constrictions (baffles) in siphonal burrow 
lining.   
 
Figure 9 – Rocellaria ligula from Pliocene, Zone 2 Yorktown Formation, from type 
locality, Lieutenant Run, south side of Petersburg, Virginia (1-3) and from Yorktown, 
Virginia (4).   1, 2, burrows UNC 15722 from Plicatula shell, and 15724 from Mercenaria 
shell, respectively, viewed from shell chamber toward siphonal burrow, showing lack of 
constriction at base of siphonal burrow and annular constriction and intersiphonal ridge in 
siphonal burrow lining, with pairs of dorsal and ventral calcareous prongs in 1, incipient 
dorsal prongs in 2; Druid Wilson, coll. 1969; 3, UNC 15725 from Mercenaria shell, same 
view as in 1, 2, showing oval constriction at base of siphonal burrow and annular constriction 
within siphonal burrow, the latter without well defined prongs.   4, UNC 8831, partial latex 
cast of burrow in Septastrea marylandica coral head, J. Carter coll., showing lack of 
constriction at base of siphonal burrow and annular constriction with dorsal, ventral, and 
lateral calcareous prongs (represented by indentations) in siphonal burrow.   
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Appendix 1 
  
The Excel morphometric measurements for this study are organized by species, 
subspecies, and collection locality.  The specimens within each species or subspecies are 
listed from geologically oldest to Recent.  All measured morphometric characters are 
included in the columns.  This includes several characteristics that were not useful for this 
study but may be useful for future research.  In addition to raw data, columns are included for 
transformed variables.  Below is a list of the column labels and character definitions.   
A: UNC or museum number 
B: Stratum 
C:  Age 
D:  Location 
E:  Substrate 
F:  Burrow 
G: Character 1.  Study Specimen Number 
H: Character 2.  L.   Shell length (mm).  The length of the shell measured from the anterior 
of the hinge to the center of a symmetrical shell posterior margin; or in shells with an 
asymmetrical shell posterior margin through the middle of a line drawn perpendicular to the 
shell length axis and passing through the center of the posterior adductor muscle scar.    
I:  Character 2a.  sqrtCh2-L.  Square Root of Shell Length 
J:  Character 3.  H.   Shell height (mm).  The height of the smallest rectangle enclosing the 
shell as viewed in lateral profile, with the length axis of the rectangle parallel with the shell 
length axis. 
K:  Character 4.  W.   Shell width (mm).   Maximum width of the united valves measured 
perpendicular to the commissure plane. 
L:  Character 5.  L/H.   Shell length/height. 
M:  Character 6.  H/W.  Shell height/width. 
N:  Character 6a.  lnCh6.  Natural Log of Shell height/width 
O:  Character 7.  LAPS.   Shell length anterior to the pallial sinus divided by shell length.  
A measure of the posterior shift of the apex of the pallial sinus relative to shell length.  The 
apex of the pallial sinus is the anteriormost point of the pallial sinus along the posteroventral 
margin of the siphonal retractor muscle scar.          
P:  Character 8.  PSH.   Pallial sinus height.  The distance from the apex of the pallial 
sinus (see character 7) to the ventral shell margin measured perpendicular to the shell length 
axis, divided by shell height (character 3).  A measure of dorsal shift of the apex of the pallial 
sinus relative to shell height.     
Q:  Character 9.  HA.   Hinge Angle.  The angle between the anterior hinge line (adjacent 
and anterior to the umbo) and the shell length axis, measured in interior lateral view 
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perpendicular to the commissure plane, excluding any sharp dorsal of ventral deflection of 
the anteriormost hinge line. 
R:  Character 9a.  lnCh9.  Natural Log of Hinge Angle 
S:  Character 10.  AA.   Aperture angle.  The angle between the anteroventral shell margin 
and the shell length axis, measured in interior lateral view perpendicular to the commissure 
plane. 
T:  Character 11.  PI.   Posterior inflation.  The height of the shell through the center of 
the posterior adductor muscle scar, divided by the height of the shell through the midpoint of 
the line connecting the shell anterior with the point where the dorsal posterior flank of the 
shell meets the hinge line, viewing the shell interior perpendicular to the commissure plane. 
 U:  Character 12.  PG.   Pedal gape.  The length of the anteroventral pedal gape divided by 
modified shell length, with both measured while viewing the united valves perpendicular to 
the anterior hinge line.   
V:  Character 13.  PMA.   Posterior muscle angle.  The anterior angle between the shell 
length axis and a line drawn tangent to the posterior margin of the posterior adductor muscle 
scar and the posterior margin of the posteroventral pallial muscle scar. 
W:  Character 14.  SA.   Sinus angle.  The posterior angle defined by two lines passing 
through the apex of the pallial sinus (see character 7), one drawn tangent to the ventral 
margin of the dorsoposterior pallial sinus muscle scar or the posteroventral margin of the 
posterior adductor muscle scar (whichever provides the smaller angle), the other drawn 
tangent to the dorsal margin of the posteroventral pallial sinus muscle scar.   Where the apex 
of the pallial sinus is trapezoidal, the more anteroventral angle (which is usually the more 
anterior of the two) is used for angles and measurements. 
X:  Character 14a.  sqrtCh14.  Square Root of Sinus Angle 
Y:  Character 15. EL.   Ellipticity of the shell posterior, ranging from very obtuse (the 
obtuse side of a 10° ellipse; rank order 1) to obtuse but nearly circular (the obtuse side of a 
60° ellipse; rank order 11); and from acute but nearly circular (the acute side of a 60° ellipse; 
rank order 13) to very acute (the acute side of a 20° ellipse, rank order 21), with these ranks 
separated by 5° intervals.  Special ranks include: circular = rank 12; straight = rank 0; nearly 
straight but slightly indented = rank -1.  A medially angulated posterior margin (i.e., with 
nearly straight dorsal and ventral elements) are ranked by this same system but are given an 
“a” suffix, e.g., “3a”.  In cases where the posterior shell margin is asymmetrically 
dorsoposteriorly expanded, as in the type specimen of Lamychaena weinkauffi, ellipticity is 
measured from the flattest part of the shell posterior and the value is given a “p” suffix, e.g., 
“1p”.         
Z:  Character 16. MP.   Myophore prominence.  “Myophore” is presently restricted to 
more or less regularly shaped, porcelaneous, elongate spatulate or spoon-shaped lateral 
projections from the hinge, which serve to support the anterior pedal retractor muscle.  If left 
and right valves differ, the average value is used.  This excludes any irregularly shaped, 
prismatic calluses and bosses in this same position.   
0 = absent.   
1 = only very slightly projecting, poorly differentiated from the hinge.   
2 = well differentiated from the hinge but still not strongly projecting.   
3 = strongly projecting but narrower than the adjacent hinge.   
4 = strongly projecting and wider than the adjacent.   
37 
 
5 = anterior pedal retractor inserts on a septum immediately posterior to the anterior 
adductor muscle scar, as in Cucurbitula cymbium from Western Australia (AMS C414869). 
AA:  Character 17.  L/PA.   Shell length/posterior adductor muscle scar length, the latter 
measured parallel with the shell length axis. 
AB:  Character 18.  L/PR.   Shell length/posterior pedal retractor muscle scar length, 
the latter measured parallel with the shell length axis. 
AC:  Character 19.  A/R.   Posterior adductor/retractor muscle scar lengths measured 
parallel with the shell length axis.   
AD:  Character 20.  JRF.   Juvenile radial furrow depth.  The depth of incision of a 
posteroventral radial furrow extending from the prodissoconch-dissoconch boundary for a 
few millimeters, then disappearing in the post-juvenile shell.   
0 = absent.   
1 = extremely shallow and short.   
2 = moderately deep.  
4 = very deep. 
AE:  Character 21.  Prod.   Prodissoconch length (mm). 
AF:  Character 22.  Rows.   Rows of exhalant siphonal papillae.   
1 = 1 row.   
2 = 2 rows. 
3 = 3 or more rows (rows may be irregularly formed around a single innermost row of 
larger papillae, as in Gastrochaena cuneiformis).  
AG:  Character 23.  #Pap.   Number of siphonal papillae, inhalant and exhalant 
combined. 
AH:  Character 24.   ESD.   Exhalant siphonal diaphragm on the posterior end of the 
siphon, as seen in living specimens.   
0 = absent.   
1 = narrow.   
2 = moderately wide, thin and diaphanous.   
3 = very wide and thick. 
AI:  Character 25. PSL1.   Pallial septum length divided by siphonal tube length in taxa 
with largely fused siphons.  “Siphonal tube” is presently defined as all mantle tissues 
posterior to the posterior shell margins. In specimens without preserved tissues, this can be 
estimated from the length of the lateral posterior siphonal grooves, which generally 
correspond with the length of the pallial septum.  A score of “0” is used for taxa with entirely 
separated siphons, as in Spengleria.  See also 62, PSL2. 
AJ:  Character 26.  ISPig.   Interior siphonal pigmentation (degree of pigmentation, not 
location).   
0 = no interior siphonal pigmentation.   
1 = only locally lightly pigmented.   
2 = locally darkly pigmented.   
3 = entirely or almost entirely darkly pigmented.     
AK:  Character 27.  ISPap.   Inhalant siphonal papillae as seen in ETOH preserved 
specimens (size). 
0 = absent or hardly apparent even using in light microscopy, e.g., Eufistulana mumia 
from Japan.   
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1 = clearly visible only using light optical microscopy; very narrow and short, as in 
Lamychaena and Dufoichaena.   
2 = readily visible without light microscopy, relatively wide and moderately long.   
3 = relatively wide and very long.    
AL:  Character 28.  Rad.   Radiating pattern on the shell interior proximal to the pallial 
band (= traces of the umbonal-posteroventrally directed retractor muscles which extend into 
the inner mantle fold, as opposed to the middle mantle fold muscles, which attach at the 
pallial line.    
0 = absent.   
1 = weak and sparsely developed.  
2 = moderately well developed.   
3 = strongly developed and covering most of the area proximal to the pallial band.    
AM:  Character 29. Toe.   Toe size and shape as observed from the ventral side.   
1 = very short relative to the sole and digitate.  
2 = short and digitate.   
3 = short and narrowly spatulate (width less than half the width of the sole).   
4 = short and widely spatulate (width over half the width of the sole but less than the 
width of the sole).   
5 = very widely spatulate (as wide as the sole).  
5.5 = dorsoventrally flattened with a ruffled anterior margin, e.g., Dufoichaena 
dentifera 9 from Pescadores Islands.   
7a = moderately long and digitate, e.g., Gastrochaena (Lacrimaris) brevis, specimen 
no. 4 of JGC from Lizard Island, Great Barrier Reef.   
8 = very long and digitate, with divided terminal pad, e.g., Dufoichaena dentifera 
from Phuket Trang, UNC 12638x.     
AN:  Character 30.  BG.   Byssus groove shape.   
1 = medial longitudinal groove only.   
2 = medial longitudinal crease with a puckered indentation at the byssus gland.  
3, 4 = short or long, elliptical elevation, respectively, at the byssus gland.   
5 = short horseshoe-shaped depression at the byssus gland. 
6 = short horseshoe-shaped depression at the byssus gland posterior to a posteriorly 
forked byssus groove. 
7 = posteriorly forked byssus groove without a depression at the byssus gland. 
8 = sole of foot ripped away by strong byssal attachment s animal is removed from 
boring.   
9 = tear-drop shaped byssus groove surrounding two short, longitudinal grooves at the 
byssus gland. 
10, 11 = rounded to ovate deep pit over the byssus gland, in 11 with byssus fibers 
present.   
13 = left and right elongate, elevated, ovate pads on the posterior 2/3 of the sole, with 
byssus located slightly posterior to the sole, e.g., Spengleria apertissima USNM 404430, 
Tavoy, Burma.      
AO:  Character 31. PB1.   Pallial band shape (anteroventrally).  See illustrations.  See 
also 61, PB2. 
1, 2, 2.5, 3, 3a = narrow band, solid or discontinuous (61 = 1): 
1 = very narrow and solid linear. 
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2 = narrow and solid linear, possibly scalloped proximally and linear distally or 
entirely linear. 
2.5 = narrow dashed line. 
3 = narrow dotted line. 
3a = narrow wavy line. 
2a, 2b, 2c, 2d, 2e1, 2e2, 5b = wide and solid distal band, in many instances with 
more proximal irregular spots, or just a wide band of irregular spots (61 = 2):   
2a = wide and solid band only.  
2b = wide and solid distal band with only a few proximal spots. 
2c = moderately wide distal band with many proximal spots and an even more proximal solid 
line. 
2d = wide and solid band grades commarginally into a narrower distal band and more 
proximal thick, irregular spots.  
2e1 = moderately wide distal band and numerous scattered proximal spots, e.g. Spengleria 
Guam UF 284769.   
2e2 = as in 2e1 but some of the proximal spots are aligned, but these aligned spots 
correspond to mediolateral muscle scars; see character 38.  E.g., Spengleria Elizabeth Reef, 
AMS C414871. 
5b = wide band of irregular spots only.   
4, 4a = 2 rows of spots in a narrow to moderately wide band (61 = 1,2) 
4 = distal spots are larger. 
4a = distal spots are same size as proximal ones.   
5, 5a, 6, 6a, 7, 7a, 7c, 7d, 7e, 7g, 7h = closely spaced vertical or radial linear scars 
in some instances associated with irregular spots; forming a solid distal band only 
where the linear scars are so closely spaced as to be nearly indistinguishable (61 = 3). 
 5 = scattered spots clearly outnumber inclined, radial lines. 
 5a = scattered spots clearly outnumber vertical lines. 
 6 = scattered spots about as numerous as inclined, radial lines. 
 6a = scattered spots about as numerous as vertical lines. 
7 = inclined, radial lines more numerous than irregular spots, e.g., Spengleria NC 
UNC 15803. 
7a = vertical lines more numerous than irregular spots. 
7c = inclined, radial lines make a wide solid band; there may be an underlying 
irregular spotted pattern, with this reflecting very strong overlying internal radiations 
(character 28), in which score the other pattern as well.  E.g., Isla del Cocos Kirstie Kaiser 
specimen 182, G. cuneiformis. 
7d = inclined, radial lines are proximal to a line of irregular spots.  E.g., some Lizard 
Island specimens. 
7e = a line of irregular spots is proximal to a moderately wide, solid band with distal 
branches, e.g., Spengleria Onslow By, NC UNC 15802. 
7g = radially elongate but relatively wide patches with small scars immediately 
proximal to them (Lamychaena from Lizard Island, Dufoichaena dentifera from Lizard 
Island).   
7h = As in 7g but the radially elongate patches have a distal dendritic shape (some 
Dufoichaena dentifera from Lizard Island). 
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7b, 7f = wide band of very thin, lace-like, elongate, widely dispersed, curvilinear 
scars (61 = 4): 
7b = scars irregularly shaped and oriented, seldom radial or vertical. E.g., type 
specimen of cucullata BMNH 978100. 
7f  = scars more or less vertical or radial, occasionally branching.          
AP:  Character 32.  DPM.   Dorsal pallial muscle scar density and shape.   
0 = absent.   
1 = sparsely developed, linear scars.   
2 = moderately densely developed, linear scars.  
2a = chevron-shaped scars as in Spengleria apertissima 404430 from Tavoy, Burma.   
2b = transversely linear scars as in Spengleria rostrata from Onslow Bay, NC, UNC 
15802.  
3 = very densely developed, linear scars.   
AQ:  Character 33.  UMS1.   Umbonal muscle scars.  (replaced by character 63, UMS2).  
In Lamychaena inaequistriata, condition “1” associates with discrete muscles attached 
directly to the two ctenidial axes on each side of the body, and hence are ctenidial retractor 
muscle scars.  NOTE: if 1a or 1b is scored, as in some older data sheets, this is rescored as 
“0” in character 63, UMS2, unless evidence exists to the contrary.   See also 63 UMS2. 
0 = absent.   
1 = two or three isolated muscle scars.   
1a = only scattered scars well ventral to the umbonal cavity.   
1b = more numerous scars well ventral to the umbonal cavity.   
2 = one large muscle scar, rounded to irregularly shaped, slightly ventral and not deep 
in the umbonal cavity, not an anterior pedal protractor muscle scar, which is more adjacent to 
the anterior adductor muscle scar.   
3 = an irregularly shaped scar with several radial elements.   
AR:  Character 34. SSep.   Siphonal separation.  Degree of separation of the siphon tips.   
1 = united by a common ring of siphonal papillae, as in Gastrochaena s.s.   
2 = slightly separated as in many Lamychaena.   
3 = deeply separated as in some Lamychaena and many Rocellaria.   
4 = completely separated to their base as in Spengleria. 
AS:  Character 35. AVA.   Anterior ventral angulation index.  100 x the length of any 
sharp ventral angulation of the anterior hinge line divided by shell length.   Gentle, slight 
anterior curvature of the hinge is excluded, as is also any dorsal angulation. 
AT:  Character 36.  SIP1   Siphonal interior pigmentation (location).  See also 59, SIP2, 
and 71, SIP3.  
0 = absent.   
1 = mostly near base of siphonal tube.   
1.5 = mostly near middle of siphonal tube.   
2 = mostly near but not at posterior of siphonal tube.   
3 = entire siphonal tube except for its far posterior end.   
4 = entire far posterior end of siphonal tube.   
AU:  Character 37.  STL.   Siphonal tube length, including the true siphon (posterior to the 
ctenidia) and any extension of the (ctenidium-bearing) mantle cavity posterior to the shell.   
1 = less than ½ shell length.   
2 =  ½ to ¾ shell length. 
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2.5 = ¾ - 1 times shell length.   
3 = equal to shell length.   
3.5 = 1 to 2 times shell length. 
4 = 2 to 4 times shell length.   
5 = over 4 times shell length. 
AV:  Character 38.  OMS.   Orbital muscle scars immediately anterior to the apex of the 
pallial sinus and immediately proximal to the anteroventral pallial muscle band.   These are 
the attachment scars of the inner mantle fold muscles as opposed to the middle mantle fold 
muscles, the latter attaching more distally, i.e., in the pallial band.   See also 60, MLM2.       
1 = absent.   
2 = 2 to 4 scattered scars.   
3 = 5 or more scattered scars.   
4 = scattered scars plus slightly anteroposterior aligned scars.   
4a = single large scar possibly accompanied by a few much smaller scars, as in 
Spengleria from Guam, UF 284769.   
5 = several scattered scars accompanying strongly anteroposteriorly aligned scars.  5a = 
anteroposteriorly aligned scars plus very few scattered scars.  
AW:  Character 39.  BS.   Burrow shape.   
1 = club-shaped, no distinct calcareous baffles, no basal siphonal wrinkles (e.g., 
Rocellaria dubia).  
2 = club-shaped, with a distinctly projecting ovate baffle (e.g., Dufoichaena 
dentifera).   
3 = club-shaped, with spinose baffles, possibly also with an ovate baffle (e.g., 
Rocellaria stimpsoni).   
4 = very elongate cylinder without baffles but with basal siphonal wrinkles (e.g., 
Lamychaena inaequistriata).   
5 = very elongate cylinder with an ovate baffle (e.g., Dufoichaena pexiphora).   
6 = completely divided siphonal tubes (e.g., Spengleria rostrata). 
AX:  Character 40.  AI.   Anterior indentation between left and right valves, viewing the 
united valves ventrally perpendicular to the anterior hinge axis.   
 Without convex flanks: 
-8 = medial indentation and concave flanks.   
-4 = medial indentation and straight flanks.   
With convex flanks:   
0 = no medial indentation.   
+8 = very slight medial indentation.   
+15 = moderate medial indentation.   
+20 = deep medial indentation making a long slot between the valves, as in Eocene 
G. provignyi from Valmondois.   
+25 = very deep medial indentation.  E.g., some Carterochaena from Parnes, France.   
+30 = extremely deep medial indentation, as in some Spengleria from Guam, UF 
284769, and some Carterochaena from Parnes, France.   
+35 = sharply defined concave notch as in Eocene Carterochaena from Beynes, 
France.    
AY:  Character 41.  ASM.   Anterior shell margin width, viewed ventrally, perpendicular 
to the anterior hinge axis.   
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1 = not used. 
2 = extremely narrow (very rare).   
3 = very narrow (rare).   
4 = narrow (common).   
5 = moderately wide (very common).   
6 = very wide (common).   
7 = extremely wide (rare).   
AZ:  Character 42.  PMR.   Posterior commarginal internal ridge or posterior callum 
on the shell interior, the former a late ontogenetic feature in some Lamychaena from 
Mauritius, the latter in Eufistulana and Dufoichaena.  
0 = absent.   
1 = posterior commargnal internal ridge present. 
2 = posterior callum present. 
BA:  Character 43. BS1.   Posterior body shape (soft anatomy).  See also 64, BS2. 
1 = not strongly projecting ventral to the foot and posteriorly rounded as in 
Gastrochaena cuneiformis from Fiji, UF 293490.   
2 = not strongly projecting ventral to the foot and keeled with a long, laterally 
compressed, spatulate extension of the body as in cuneiformis Pohnpei, UF 292250.   
2.5 = as in 2 but spatulate extension is short.   
3 = not strongly projecting ventral to the foot and biconvex (acutely ovate and 
pointed).   
4 = as in 2 but the spatulate extension is more dorsoventrally expanded, forming a 
paddle-like extension of the posterior body, as in Spengleria from Guam, UF 284769.   
5 = not strongly projecting ventral to the foot and acutely ovate but not pointed, as in 
Spengleria from Elizabeth Reef, AMS C414871.   
6. = strongly projecting ventral to the foot with a distinct indentation in the posterior 
margin of the body; biconvex and non-keeled in ventral view (some Dufoichaena dentifera 
from Lizard Island). 
7 = strongly projecting ventral to the foot without a distinct indentation in the 
posterior margin of the body, which is instead more or less straight and vertical; biconvex 
and non-keeled in ventral view (some Dufoichaena dentifera from Lizard Island). 
BB:  Character 44.  MMF.   Middle mantle fold width anteriorly as seen in relaxed, 
living specimens.  
0 = anterior middle mantle fold strongly overlaps the anterior of the shell, extending 
to the umbones and the posterior middle mantle fold overlaps the posterior shell margins 
(e.g., Cucurbitula cymbium).  
0.5 = anterior middle mantle fold only slightly overlaps the anterior shell margins, not 
reaching the umbones, but the posterior middle mantle fold overlaps the posterior shell 
margins, and appears crinkled in specimens preserved in 70% ETOH (e.g., Dufoichaena 
dentifera from Lizard Island).  
1 = anterior middle mantle fold only slightly overlaps the anterior shell margins, as in 
Lamychaena, not reaching umbones, and does not overlap the posterior shell margins 
significantly.   
2 = anterior and posterior middle mantle fold does not cover the shell margins 
significantly. 
BC:  Character 45.  MMF summary. 
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 0 = 0 and 0.5 in character 44, greatly extended middle mantle fold.  
 1 = 1 and 2 in character 44, not greatly extended middle mantle fold.  
BD:  Character 46.  DAH.   Deflection of the anterior hinge, in degrees.  The anterior 
angle between any sharp dorsal or ventral angulation between the anteriormost hinge line and 
the adjacent subumbonal hinge.  Dorsal angulations are positive, ventral ones are negative.  
Compare with character 35, the anterior ventral angulation index. 
BE:  Character 47.  AAB.   Anterior adductor buttress as viewed ventrally, perpendicular 
to the anterior hinge.  More than condition one may apply.   
1 = roughly ovate adductor muscle scar inserts immediately lateral to the anterior 
hinge on a nearly flat or gently curviplanar surface without an undercut, without a strongly 
projecting surface, and without flanking ridges.   
2 = crescent-shaped adductor muscle scar inserts immediately lateral to the anterior 
hinge and posteriorly on the hinge, with a ventrally projecting prismatic pad (as in Spengleria 
apertissima AMS C414870, Onslow, Western Australia. 
2a = crescent-shaped adductor muscle scar inserts immediately lateral to the anterior 
hinge and is primarily on the hinge, without a ventrally projecting muscle pad.  E.g., 
Lamychaena sp. From Karachi, Pakistan, AMNH 181372.   
3 = adductor muscle scar immediately lateral to the hinge inserts on a septum 
(undercut shelf) as in some Lamychaena (no. 16 and 23 of JGC) from Lizard Island, 
Australia.   
4 = Anterior margin of adductor scar immediately lateral to the hinge is bordered by a 
distinct commarginal ridge, as in some Lamychaena from Mauritius.   
5 = posterior margin of adductor scar, which inserts lateral to the hinge, is bordered 
by a distinct transverse shelly ridge on the hinge.   
6 = adductor scar inserts well lateral to the anterior hinge, as in Jurassic Rocellaria cf. 
Rocellaria deshayesea from Poland, ZPAL LI/4.   
7 = adductor scar inserts at least partially on a dorsal inflection of the anterior hinge 
margins; Carterochaena Parnes.. 
8 = adductor scar inserts on a shallow semi-circular pit immediately adjacent to the 
dorsal hinge, with a more anterior and lateral broad swelling of the shell interior surface 
developed parallel with the anterior shell margin, but not on the shell margin.  Muscle 
platform is adjacent to the umbonal cavity, but the latter is not a myophoral septum, because 
the adductor inserts more on the hinge.  E.g., Rocellaria aff. R. dubia Recent, Mauritius, 
NHMWien 33912, see plate dubiaMauritius.JPG. 
BF:  Character 48.  BSL.   Basal siphonal lining on burrow wall, excluding biconvex 
constrictions or large, regularly formed spiny baffles.   
1 = smooth lining.   
2 = transverse wrinkles are linear.   
3 = transverse wrinkles are convex.   
4 = only small calcareous bumps or granules are present.   
5 = small spines present, excluding discrete, large spiny baffles which may also be present. 
 BG:  Character 49. ESP.   Exterior (not interior) siphonal pigment location.   
1 = absent.   
2 = only far posteriorly and more extensive than a single patch of pigment between 
the siphonal apertures.   
3 = both far posteriorly and far anteriorly to the base of the siphon tubes or nearly so. 
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4 = only far posteriorly as a single patch of pigment between the siphonal apertures 
(e.g., most Dufoichaena dentifera from Lizard Island). 
BH:  Character 50.  PVS.   Posteroventral sulcus on the shell exterior.   
1 = absent.   
2 = very weak, as in some Lamychaena from Lizard Island, Australia.   
3 = strong. as in Spengleria rostrata. 
BI:  Character 51.  Cor.   Corrugations or rugosity of periostracum in the shell 
posterior in the last 10 mm of shell length.  
0 = none (non-Spengleria), non-Lamychaena truncata).  
1-X = Insert number count of corrugations in the last 10 mm of posterior shell growth 
for Spengleria.   
 R = rugose periostracum posteriorly as in Lamychaena truncata. 
BJ:  Character 52.  Spines.   Spines, aragonitic, of periostracal origin (Carter and Aller, 
1975), fused to the shell exterior.  
0 = absent on juvenile and adult shell.   
1 = present on juvenile dorsoposterior shell only.   
2 = present on juvenile anterior or anterolateral shell and possibly also on 
dorsoposterior shell (embedded within the proteinous periostracum layer posteriorly in 
Spengleria rostrata). 
BK:  Character 53.  Ras1.   Rasping ridges and scalloping of the anteroventral shell 
margins (including aragonitic spines fused to the shell exterior as in character 52).  See also 
65, Ras2. 
0 = absent.  (= 0 on char 65) 
0.5 = regular scalloping only, as in some Gastrochaena denticulata. (= 1 on char 65) 
1 = regularly shaped rasping ridges as in some Gastrochaena denticulata and 
Lamychaena truncata.  (= 2 on char 65) 
3 = aragonitic periostracal spines fused to anteroventral shell margin (= 3 on 
char 65).   
BL:  Character 54. Umb.   Umbonal distance, positive or negative, from the anterior shell 
margin divided by shell length.  Umbonal distance is that part of the shell length axis 
between the anterior of the hinge line and the intersection of the anterior hinge axis with a 
line drawn perpendicular to that axis and passing through the point where the front slope of 
the umbo and the anterior exterior shell surface intersect, viewing the shell from the interior, 
perpendicular to the commissure plane.  This is usually a positive value, indicating that the 
umbo is posterior to the anterior end of the hinge.  In cases (e.g., some Lamychaena) where 
the umbo extends anterior to the hinge, the umbonal distance is negative. 
BM:  Character 55.  LPC.   Labial palp – ctenidium association as defined by Stasek 
(1963).  
1 = grade I.   
2 = grade II.   
3 = grade III. 
BN:  Character 56.  Conv.  Convexity of the anteroventral shell margin as seen in 
exterior view perpendicular to the commissure plane.   
 0 = distinctly concave. 
 1 = straight or nearly straight. 
2 = distinctly convex. 
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BO:  Character 57.  DAF.   Dorsoanterior flange on the anterior hinge to receive a 
dorsally shifted anterior adductor muscle, as in Carterochaena and some Spengleria. 
0 = absent.   
1 = present. 
BP:  Character 58.  DR.   Dorsal reflection of the anterior hinge axis (excluding any 
dorsoanterior flange as in character 57).  See also 66, HC. 
0 = absent (may be straight or a ventral reflection of hinge) (= 0 or 2 on char 66).   
1 = present (= 1 on char 66).    
BQ:  Character 59. SIP2.  Siphonal interior pigmentation (location).  See also 36, SIP1 
and 71, SIP3.  
1 = absent.   
2 = mostly near base or middle of siphonal tube.   
3 = mostly near the posterior end of siphonal tube.   
4 = entire siphonal tube is pigmented except for its far posterior end.  
BR:  Character 60. MLM2.   Mediolateral muscle scars immediately anterior to the apex 
of the pallial sinus and immediately proximal to the anteroventral pallial muscle band.   See 
also MLM1, 38. 
1 = absent.  
2 = scattered scars only.   
3 = scattered scars plus anteroposterior aligned scars.   
4 = single large scar possibly accompanied by a few much smaller scars, as in 
Spengleria from Guam, UF 284769.   
BS:  Character 61.  PB2.  Pallial band shape (anteroventrally).  See also 31, PB1.   
1 = very narrow to narrow, solid or dashed, possibly proximally scalloped or wavy: 
1,2 transition =  2 rows of spots in a narrow to moderately wide band. 
2 = wide and solid or spotted band, in many instances distally solid and proximally 
with irregular spots. 
 2,3 transition = scattered spots and inclined radial or vertical scars are both present, 
but the latter do not predominate.  
3 = inclined radial or vertical linear scars predominate. 
4 = very thin, lacy, widely separated scars predominate. 
BT:  Character 62.  PSL2.  Pallial septum length divided by siphonal tube length in taxa 
with largely fused siphons.  “Siphonal tube” is presently defined as all mantle tissues 
posterior to the posterior shell margins.  In specimens without preserved tissues, this can be 
estimated from the length of the lateral posterior siphonal grooves, which generally 
correspond with the length of the pallial septum.  See also 25, PSL1. 
0 = siphons are entirely separated, as in Spengleria.   
1 = septum length is over half of siphonal tube length.   
2 = septum length is less than half of siphonal tube length.     
BU:  Character 63. UMS2.   Umbonal muscle scars.  This excludes muscle scars 
immediately anterior to the apex of the pallial sinus and immediately proximal to the 
anteroventral pallial muscle band.  In Lamychaena inaequistriata, condition “1” associates 
with discrete muscles attached directly to the two ctenidial axes on each side of the body, and 
hence are ctenidial retractor muscle scars.  See also 33 DLA2 which still has 1a, 1b, which 
should be score here as “0” or reexamined. 
0 = absent.   
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1 = two or three isolated muscle scars.   
2 = one large rounded muscle scar.   
3 = several radial elements comprise a single irregular scar.   
BV:  Character 64.  BS2   Posterior body shape (soft anatomy).  See also 43, BS1.  
1 = not strongly ventrally extended but rounded as in Gastrochaena cuneiformis from 
Fiji, UF 293490.   
2 = not strongly ventrally extended but biconvex pointed or acutely ovate but not 
keeled or spatulate.   
3 = ventrally extended as a posteroventral keel, with a short or long, laterally 
compressed but not dorsoventrally greatly expanded, spatulate extension of the body as in 
Gastrochaena cuneiformis from Pohnpei, UF 292250.   
4 = as in 3 but the spatulate extension is greatly dorsoventrally expanded, forming a 
paddle-like extension of the body, as in Spengleria from Guam, UF 284769.   
5 = Strongly extended ventrally posteriorly immediately posterior to the base of the 
foot, as in most Dufoichaena dentifera from Lizard Island. 
BW:  Character 65.  Ras2.   Rasping ridges and scalloping of the anteroventral shell 
margins (including aragonitic spines fused to the shell exterior as in character 52).  See also 
53, Ras1. 
0 = absent.   
1 = regular scalloping only, as in some Gastrochaena denticulata.  
2 = regularly shaped rasping ridges as in some Gastrochaena denticulata and 
Lamychaena truncata. 
3 = aragonitic periostracal spines fused to anteroventral shell margins. 
BX:  Character 66.  HC.   Hinge curvature.  See also 58, DR. 
0 = straight or only slightly ventrally curved.   
1 = dorsally curved.   
2 = sharply ventrally curved. 
BY:  Character 67.  AC.  Anteroventral callum (later ontogenetic hyperextension of the 
anteroventral shell margins). 
 0 = absent. 
1 = present, as in mature specimens of Dufoichaena dentifera from Lizard Island.  
BZ:  Character 69.  BH/L.  Beak height/shell length.  Maximum height of the beak 
measured perpendicular to the hinge axis, viewing the shell internally perpendicular to the 
commissure plane, divided by shell length.   The hinge axis is the straight line passing 
through the center of the anterior hinge, excluding any short, sharp ventral or dorsal 
deflection of the most anterior part of the hinge. 
CA:  Character 70.  PPG.  Permanent posterior gape of the shell.  Permanent posterior 
shell gape, posterior and/or dorsoposterior. 
 0 = absent. 
1 = present posteriorly or far dorsoposteriorly, excluding the narrow side-parallel 
space between the dorsal shell margins immediately posterior to the ligament. 
2 = present not only as a wide, parallel-sided gap immediately posterior to the 
ligament but also extending to the far posterior shell margins.  
CB:  Character 71.  SIP3.   Siphonal interior pigmentation location for incompletely 
pigmented siphons.  See also 36, SIP1, and 59, SIP2. 
1 = near base or middle of siphonal tube.  
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2 = near posterior of siphonal tube.   
? = absent or entirely pigmented.   
CC:  Character 72.  PSS.  Pallial sinus shape.   
1 = pointed or acutely ovate, in some instances anteriorly upturned (convex upper 
branch, concave lower branch, as in some Gastrochaena cuneiformis and G. ovata).   
2 = broadly ovate to rounded.   
3 = trapezoidal, as in some Gastrochaena ovata. 
CD:  Character 73.  FSL.  Foot stalk length relative to the immediately adjacent ventral 
margin of the body. 
 1 = Foot stalk is relatively long, with a long neck. 
 2 = Foot stalk is short, with the posterior end of the sole of the foot nearly touching 
the immediately adjacent ventral margin of the body, as in Dufoichaena dentifera from 
Lizard Island. 
CE:  Residual lnCh6.  Residual of the Natural Log of Shell Height/Width 
CF:  Residual Ch10.  Residual of Aperture Angle 
CG:  Residual Ch54.  Residual of Umbonal Distance 
CH:  Residual Ch15.  Residual of Ellipticity of the Shell Posterior 
CI:  Residual Ch5.  Residual of Shell Length/Height 
CJ:  PLF.  Pallial Line Fusion.   
 1= non-fused 
 2 nar = fused and narrow 
 2 thk = fused and thick 
CK:  PSB.  Posterior Siphonal Baffles 
 1= absent 
 2= distinct annular constriction 
CL:  SSB.  Spiny Siphonal Baffles 
 1= absent 
 2= present 
CM:  COL.  Distinct Basal Expansion in Siphon Diameter (Collar)  
 1= absent or present merely as a wrinkle 
 2= present as a distinct expansion, more than a wrinkle 
CN:  BSW.  Basal Siphonal Wrinkling 
 1= absent 
 2= present 
CO:  BNS.  Burrow Neck 
 1= Indistinct neck without indentation  
 2= Indistinct neck with slight indentation (as in some Rocellaria dubia) 
 3= Distinct neck without indentation 
 4= Distinct neck with slight to strong indentation 
 5= Distinct neck with strong shoulder 
CP:  DST.  Divided Siphon Tips.  Siphonal burrow lining with divided apertures 
 1= United siphonal apertures 
 2= Divided siphonal apertures 
CQ:  CUP.  Posterior Shell Cupulations 
 1= absent 
 2= present 
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